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Abstract of JP2003272860 
PROBLEM TO BE SOLVED: To 
provide an organic 
electroluminescent element with 
high brightness and long life. 
SOLUTION: The organic 
electroluminescent element 
comprises a transparent positive 
electrode 2, a negative electrode 5 
facing each other, and a plurality of 
light emitting units 3-1 , 3-2. ..3-n. 
Respective light emitting units are 
separated by electron generating 
layers 4-1, 4-2, ...4-n composed of 
at least one layer. The electron 
generating layers are made to 
function as electric insulation 
layers having specific resistivity of 
1 .0*10<SP>2</SP>[Omega]*cm, 
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preferably 1 .0*1 0<SP>5</SP> 
[Omega]*cm. 
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(54) «lxWKDM*yt>Hff 
(57) [£#)] 

[RBI Fd^5* 

MlC«»fl<03&3t^=:y h 3- 1, 3-2. ... 3- 

bWt«[Ml4-L 4-2. . . . 4-nK«fco 
Ttt^bftr**^ ^o, tttttS£l^l. 0X10 
Q-cmKi, StKlil. OXloVcmW 




tt$J ^HT^o 9 , *>o. R«Sr3S£StfS 1 . 0 x 1 0 2 
ir> hitf^&^T, RttWr$g£Jias l . oxioq 

[St** 4 ] HfjfcJS l 3 K<fto*r«3i uno/u 

(a) ^^->-<t:Ajf7">">^/W^5. 7eV«tD/h$< > 

4:, 

(b) (a) o*«ffc*»i»<ba7cRJS»cJ:5««f» 

a»»x*±a*»**&4 9, wis (a) fifc^t (b) eg 

MPmc^T. (a) S»^ry-;V7^Vft^ 
»T-*>9, -«3£ ( I ) : 

? 

Ar, — n Ar 3 

Ar,. Ar 2 MAr 3 ll *n«T4ftfifc« 

-fev h*^K*5V*T\ «ffi«£JB«:«|jfti-* (a) 



■fc>h3*Flc:*5V*T, TO»^Ji«:*ffii--5 (a) 
T'fe57y-/l'7^yjt;^^a-NPD, TN AT 
A. ^t'o-TAD^t'D-NPBt'fc^tSxu 

ir>-hS^Hc:fc^T, S^^®«rfil^f<E> (b) 
-tr^Hmctev^T, Sft*K£Jlfc«Mt1-* (b) 

[»3ft«l 2] l9**4|B*(Dfl-«3iU^ Fd;uU> 
j/t> h*-T-lc*sv^r, Affile JzoT 

[»*J5l 3] IS*«4|B*^«3:U'^ hp;uU> 
.^irv h*-T-Jc*5l^T. (b) /& 

&<ommmw&'Pte< t h i io7s/**«*st it 

4] »*«4ffi«6^*T«3iU^ hP/UU 

hSKHdfcv^T, Sffi38£JI&«/£1-5 (b) * 

[Hl*«l 5] if*^l 3£fctel 4E«©««xi/ 
^ h n/u**s,-fc> h^lc^o^T. S?i5r3g±JI£fl$/S 
1"5 (b) ^co^rm^lH^^ h7 7y^p-f h7*> 
7/^y^^y (4F-TCNQ) T'^5^ffi=I/^ 

n/U^^^/irV h^T-lCiS^T, Jg*a=yh^ 



Tfr* v ±m&mAT*it>±m&:m<o o 

9] M*fll*fctt2Et^»i^^ h 

(1) 7^* V&m^*^. T/is*])±M&m<<*>R 

(2) ±ib (i) tciattsttsfi-w&jRefttfuc&iix 

* (1) ^WiM^tilClfLT, ^O^il 

(1) 7/w*y*i>r^ t/\s* v±m^m-f^->R 

(2) ±f£ (1) *cK«6Six6«S«<k^^$*^5^ 

(i) <Dmmit&mttm±\zmm\.x* *<nmm5tBL 

[»#* 2 2 ] 2 0 75M» #* 2 1 iE«t<7)^Pl& 

hD/uu->t> h^T-fcfc^T (2) xmrnz 

i: t> l«**tfw*£»»£i-SW«3iU'* hn/uU> 
-t^ hSHHcis^T, Igjt^yh^ 



(1) ^ft^iri^^ K-^v h ^ ttffiffit 

(2) y r/u;&y±jK&jR-f a-vx 
fc, &mfrxm\<^tix^zmf3L*G-j-z>z t*&mt 

(2) r/u^7 7;^y±SM^^vx 
m\<^tix\,*z>mf£&m-rz r t 

I»**2 5] »*Sltfc{12B«OS«xU^ h 

*/i'$*yiz>hm*\zm^x > ftyt^-vhtf, mm 

[«**2 6] W**2 5B«(^tixi/^ ho;^; 

m<D=t;i'ttm&, *«Mb*«llJ:# LTO. o 1-1 OX* 

[SB** 2 7] S»**l^Ji2l5*(0«-«3iU'^ h 

56flfe*<D|*««Jc»-*-S«i UX, IST-S^fb^d^ 
fcfc5BSJS3 0 n mWTO*-;^Al^t5«x 

[»*JS2 8] »**l*^tt2|Ett^«3H^^ h 
nyu^^y-fe^ h*^(C*3t^X, «»<OJB3t^=s/ h^s 

[IS** 2 9] S»**i *^:ii2iE«;a5«-«3iu^ h 
*5t^Sfe^it^J:oX^5tfe^efeXfc5^ttl^^ 

[m**3 0] W**l *^«2IB<8o^«3iu^ h 
o/u^^^/ir^ h^^ficiot>X, 1S^^%3t^-^5/ K<7> 



*f tt»Sr«ftXliW S*T**t 5 i l: J: 9 , S 

^^'7 h irffi^^SO^ffJKJ?^ 1 0 0 0 nm 

P/U^y-tr^ h*^te*5^T* &M«J£dS2 5 Vi «9 
[»*fi3 5] »JfcJll *^Ji2f5*^W«=^^ h 

-*fp)^fc3t^ili§T*t, *oi£;&ft(ciSff1-5*fi 
*»*tt, K«»«>»*a-=s/ h*o**fiyE^ib* 

[If ^3 6] iM*Jgl ifc«i2fE«tO*«3iU^ h 
[0 0 0 1] 

Z^m^i'? ho^U^/ty (WT> r^«E 

[0 0 0 2] 



fc*«JB^Bff£2 0 0 0AJ»Ti"t-5ri-c\ 10V 
WTOEPSflSJET- 1 0 0 0 c d /m'i: ^ffla^f-Si* 1 

fc (Appl. Phys. Lett. , 51, 913 
(1 9 8 7) . ) . * IT, Tang <bCD4#FF 0»[»B8 
59-194393 #§|HS 63-264692 

*^a. 2-15595 xm&wtm 4 , 

5 3 9, 5 0 7 -5§*93iSB§, l^fl 4 , 7 6 9, 2 9 2 
f^S4, 8 8 5, 2 1 1tMt) 

4 L< JiKHIJPS: 10 0 OA- 5 0 0 0 Aoii k irti 
1*2 5 V^TO^PSffT^3t^#-5tcWffi^«a (V 
/cm) ?rf ^n^>, £ Lt^-5o 
[0003] Tang *T«JI<D|g|J?£S< ttl 

tE**nTt^5«tC 19 6 O^ftlCH e 1 f r i c h 
hftT^ h7-fe^#^4^?>(0fl;IMg* (EL) 

KIM, ^a*^a*^ft5%waiv^ffl[*^LTv^jcfc 
^ttmJBEi- 1 0 0 V«arojjv^ffS:SLfc 
fcfc* 8*tLT(St^t*«!ft»* (W/W) L2>># 

5) *y-Yt^omz.mmztLZ>&mmikx~ 

ELi^im<H5X10" (0. 0 5 
%) h<OX&>Z>k Lt^5o 9 

4 3 9 3^flC|i, ELfi^j^te, r^#fifC^ffl 

isiBTSj^sixitt^ (») /m^tt-rz>. %* («) 

T (-fi«Bfi«ffi^P>60»*^*iJffli-6) ***** 
KSrteJBLfc^tK, TangbOiiLtil«i|(7) 

«**nt*5 9, ( = aTOfi*«*^©**Sr 

w^»a$ixfe*iFft^?>W-3ISnfc<>o 

5 e ^oT. a^-et«***»K«:«fflLfe«F^ 
li, K^asa^Sb^dgEtw i o o%ic§fjiiLoo&!?. 

a n g ^O^W, »^CO**iS^1S:#^W«E L^W 



[0 0 0 4] L**LJfe*«fe* :oi«^«ELl 

^£ £ix£ 10 0c d/m ! *fiSffO»S-eJ: 

i* s BB Wffl^*-C^B ^nMOOOcd /m 2 - 1 
0 0 0 0 c d /m ISOfttt^il'M^i^ 
( 1 3JI»IH6JLh) Sr#Swtli, ^MT'lifti^LT 

»£**S:»Srt:«>l-rt:. SlOmA/cmHSl 

^cd/mlST'fc5o ifaAaT/^^og^i 
t)f^5:^I^ ^el-t^^^^t. hi: 

r*M«LED£Jt«L-C\ Jfc«W*£fcraSrx'<-< 

[0 0 0 5] w<D«*Bg)B«C#bT. #Bfl¥l 1-3 2 
9 7 4 8 *§-4*« (^JE^feB^W 6 , 1 0 7, 7 3 4fffl 



a (whj 5 ? 11-329748 #^«) la* r^m 

tit **o«j*ttii:ft»tt*r*-t- zmwitmm * e-nc 
s n««R^)»£ iuot* raw® e « g m s *x 

6, tV^T^^Tj&SiafcSlh/CV^o CCD 
0. 1 /im (1 0 Onm) SSt'fcSt, »KS4xTH 

flsicj:sra« (-iRicto^tiftfnsiBi) ^gc 

[0 0 0 6] **W*btt, #H2 0 0 1 -22 

5 8 4 7-^Mtt*fC*5^T. «*<7>*T«|E L*^*«* 
h («*«>*«EL*^F-«r«rt-r5»« 

^ii#?£UT, ^o»a- 7 h**4ftttirffi£ LT« 

a*«EL»TF*rai*L*:. ^m^®<tii. « 

•ttftJt, A»Wl-ttJt«St^ 1 . OXioVcm 
f: 0 l^L^b, i!2#Wl l- 3 2 9 7 4 8f^ 

SrJBv^a9lc»3E-r-5wfc^JBLv>»frd5«>a. UBS 
(c. EJ3 8 (b) Iwtf-TJ:?^ BS5 5^BS5 2^ 
t)l:2mmfi07 K7^^^T% SlS-jEXXS-T 
5J:9lCf^ML, **x y 7Sr5Sffl«W 2 mmftiE* 
« (□) M5i5fBLTt, ffttftBB 5 4 *SB«0> 
2mm«E*» (□) co^i y T£Jl*McfiF& ltv>5 i: 



0 o ^(Om^<0^^^7r^^M^m3 8 (a) (C^ 
12 0 0 1 -2 2 5 8 4 7 ^^O^fe^J^ioV vtfT 

m-this^ K— (2mmm (□) ) *ffifB L- 

}V—zfy heo«T*rffl< L< fti\, 

[0 0 0 7] 

[•fffSCiR] 4#^Bg 59-194393 ^« 
#PBg 63-264692 
ftl?2-l 5 5 9 

#H4MWB4, 5 3 9, 5 0 7^f 
*H#fTS4, 7 6 9, 2 9 2^if 
*B*£tf*4, 8 8 5, 2 1HHHSBS 
10 0 0 8] 

jftB*tc|K«oil;Ktt<:*i-5 J: 5 ft (MftJHH&R* 

fcffiffi^ &*«fc<£E^teft*T«=U'* Fd/uU-^ 
[0 0 0 9] 

aE-rs*»o**3-^^ tti^rn . oxio 2 

Q- cmW, #*L<ttl. 0X10 5 D- cmW± 



[0 0 10] -Tftfc^ *«?|OtlELS^It #14 

Rflfi(r3g£«a* 1 . 0 X l 0 2 Q • c m£JLb. 
L<lil. 0 X 1 0 5 D • cmJ^jb^JtfiSi^^-rSS 

@*>1. 0X l o'fi • cm^l^IK?:tt5t^ 

[oon] *MficiJv^T, rjsjtasyhj ^ 

W**SJ tfi, 1 . 0X1 0 2 Q • cmJ^Lb. »* L 
<l±l. 0X l 0 S Q • cm^±^jg$i?rtt5m 

[0012] **9Kb*t«e ls^i^^t. swrx^ 

* > i: 7 5^* )VT ~7t >fi*h ft 5 «fiJ#Bj«Kfcas j|g 

[0 0 13] *fc, ^Jgfl^^aEL^lCfc^T, ft 
W*4JBtt (a) ^f^-^t^T-^^-yyUiSS. 7eV e fc 

9/h*<, *-/u«fcaWrt-ftto%«^«*tt*r*i"6* 
«{fc^ft&l/ (b) (a) ^*«ft*«fcH<ka5ES*£ 

^e>ft6«»*xttiB^Ji*»e>ft9, me (a) fi^^t 

(b) «»t^lB-e»{k»5cK«;^J:5««r»»»*ds 

t**H*Lv^ (a) &ft<ommt&m<D'<*>\kXT 



'sis-Yfr&S. 7 e V£l±X-hZt. (b) fiit»<0»K 

»9) Kfc it 5 «ffir»»»(to»fiR t> mm \c ft 5 0 
[0014] st, ic jyfctfjici^ ( a ) /##<z>*r$£{fc:^ 

lib 2] 

Ar, it Ar 3 

^7!i-^7^>^Wjt LTIi, #tcP55£(iftV> 
^ 6-2 5 6 5 9 -^«, 4*BB¥ 6-2 0 3 9 

6 3*4*«L #BI¥6- 2 1 5 8 7 4 *^«L 4*98^7 

- 1 4 5 1 1 6 ^Bf^ 7-224012 

7- 1 5 7 4 7 3 »4*«L »BH¥ 8-486 
5 6 «rHl¥ 7- 1 2 6 2 2 6 -JH*«L ^H 1 ? 7 

- 1 8 8 1 3 0 *£tflL 8-4 0 9 9 5 
ftBHT 8-4 0 9 9 6 8-4 0 9 9 7f 
4*«L «fW!¥ 7- 1 2 6 2 2 5 #HS¥ 7-10 
19 11 7-9 7 3 5 5 £ 

N, N, N' , N* -fh773i^;U-4 p 4' ->>T 
^ y 7x^;K N, N ' — i?7x.=-A — N, N' — i? 
(3-^;i/7x-;u) -4, 4' -^7;^7x = 
2, 2-fcf* (4 - ^- p - MJ yU-T ;^7xz 
yu) ^n/O, N, N, N * . NT' -fF7-p-F!i 
/U- 4 , 4 ' ->?T ^ / tr^^^/K tf^. (4 — i/- p 

- h l J J^T ^ J yU) ;7 x.^/uy ^ V, N , N ' — 
v?7x^;U-N, N' -v? (4 -y V 5r is ~7 ^ =^ J^) ~ 
4, 4' -v?7;/f7x^K N, N, N' , N* - 
f F77xn/l/-4, 4' - v/7 ^ / */7 x nyUx— f 
;K 4, 4' -fcTJ* (v^xi-yVT^ y) ^^-K>)7 
xl— yU s 4-N, N-v?7x^7^;- (2-i^7x 
-/Ufc'^yU) -Oif > N 3 - y h=*">- 4 ' -N, N- 
y7x^;U7^y^f^^t'y, N~7x .^yu^yl'/* 
✓ — /K 1, 1-tr^ (4-i/-p-h!i7-;/7x^ 
/W) -v^ n^lf >\ 1, 1 - hf* (4-C^-p-h 
y7;77x^ yU) - 4 -7x^^y^ n^3riJ-V, t* 
* (4-y^f/U7 * / - 2-*?-j\s7 -7=. 
~A-y^>\ N, N, N-hy (p-hy^) 7;y, 
4- (^-p-hy;U7$7) -4' - [4 (v^-p- 

hy/P7;;) ^^-yyu] n, n, n* , 

N' 7~ F 7 7x 4 , 4* -^^-^x^ 

yUN-7x^;W^/-/K 4, 4* - t'^ [N- 

(l-t7f;V) -N-7x^/U-7$/] ti'^a:- 
yU, 4, 4' ' ~ [N— (1-^7^*/^) -N-^ 
xi^yU-T i /] p-* — 7x-/U, 4, 4* -fc** 

[N- (3-Tir-7"^^-/U) -N-^^^/U-T ^ 



y] fc":7xi— yU, 1, 5 - tf X [N— (l-t7f/U) 
-N-^^-/u-T ^ /] -J-?* 4, 4 ' -bf* 

[N — (9 h y yu) -N-7x^;l/-7;y] f 

:7x^yU N 4, 4* ' -fcT* [N- (1-T>hy/U) 
-N-^m^yU-T S 7 ] p -^-7x^;K 4, 4 ' 

- f * [N — (2-^x.^->hyyu) -N-7x^;U- 
T^y] \Z7xl—>V, 4, 4' - f * [N- (8 
t7Vf^) -N-7x-/l — 7;/] t'^oi^/U, 
4, 4' - tf* [N- ( 2 - t'l/^/l.) -N-^^-/U 

-7^; y] t'^^/K 4, 4 ' -t^ [N— (2 : 

y u^jv) -N-Z7 ^—;is-T Z y ] t'7x-/K 4, 
4 * - fcf* [N— -N-7x^;U- 
7; y] fcT!7x:=/K 2, 6-tf:* («^-p-h!J;U7 

;/) ->-:7*u>, 2, 6-fcf* [^- ( i 

M r^y] t7^uy, 2, 6 - t** [n- (i— *- 

:7*vu) — n — (2-^-7^/^) r^y] -t-:7^w>\ 

4. 4' ' - 1*^ [N, N-v> (2-^^^yU) T ^ 
y] * — ^^-/U, 4. 4' -tr^> {N-^x.— yW-N 

- [4- (l-^^^/U) 7x-yl^] 7;y) tT7 x. - 
yU v 4, 4 ' - t'^ [N-7x^;L^-N- ( 2 - tVn 
/u) -T^y] f7x^;K 2, 6 — tr^. [N, N-v^ 

(2-^7^/u) T^y] ^/U^UV, 4, 4' ' -tf 
^ (N, N-i^-p- h yyuT^y) ^ — :7xi:^yK tf 
^ (N-l-^7^/W (N- 2-^7 ^/U) T^>\ 

[{t:3] 




T'^$W4, 4* -f* [N- (2-^7^/U) - 
N-^x,nyU-T ^ y] t'^xi-yt- ( a — N P D) , T 

[<L4] 




Kb 5] 




Ut6] 




DM2-TNATAI^7^K^W9 OtiUJi-Cfc 

[0 0 15] **^^«EL*^FJC*5V^T, 
■ **JI45 2«ai«>»««>8IJi**»bft*»fr, ^SJ§ 

(a) *dt?*57y-^7 5 ^{b**^bJ«*0^» 

* l>\ 
[0016] 

*8«©fflEL*^tt, UMBO J: 5 
= h ('>*< tt>— **tf. 

(2ffl«±) fiFflEU 0X1 0 2 

Q • cm^±, ^Klil. OXioV cm^l 

[0017] tt3Ro«-«E LSm*. El l ic^-t-J: 5 
fcfl. ttSMd»e>«-T- (e~) , sh-zi' (h 

*«L*5t-*-6o wix^LT. **Mlcj:5^r«EL 

[0018] **9la>W«E LS«-fc*5^T, 
HSr^fiK-rSWWt LTJi, ttSfita* 1 . Oxio'q 

• c m£JLh, L< li 1 . 0X1 0 5 Q • c m£UiT 



LT is 9. RSMljSftto^^^f 
ty«it7^;u7^^ytii\ ffiERiiD^tc-tn 

[0019] huIEO J; 5 **WoSH=-lc*5tt6«W 
38£Sfi, (a) tfcS7y-^7^M*t, 

(b) g^r y -/ur s wb-e* t mtmyt^Jt^ .tot 
fc5 0 Mieo (a) (b) A»^>nm» 

5 e H4li, tufScO (a) f&ftt (b) fiS»(Oil 

^iTfc * m^%£JI it £ ttfffMMftoXMK t * 

[0 0 2 0] S fefc, tSfMi!:Mt5 2SS^ 
^*as»{b»7cEJCK J: «9 SfffMnttftfeflMt l^t> 

r jyfcftiai. 2«ao{b^*is ; e4x-eix 

&ft 8 0 0-2 0 0 0 n m<Djfi*^««tCfK 

iB*IR"CH. 800~2000n mWjfi*^g«lC 

Pj*lfc^-<^ WW>fcT— 2a«^{b'&ftMt ; 0 
a^KSrWWtw^fti-Sffffi (fcL<ttBE*L) £ IT 

[0021] m 5 i± y r y —/ut * yfb^T^a 2 - 

TNATA, a-NPD, X fc* P - T ADM^ f u - 

NPBh v 2 o s (5Wk/W?A) ©*ivCTUM* 

^H*»e>Wb*^i:*3t), 7y-yU7^W^Mt5 5 
mt'<-fi>V-t*n. »'liM8 0 0-2 0 0 0nm 

5mk'<i-wj*t<nm&m&, st8oo-2 

0 0 0 n m^^WlCgf/i f-^ I, 9fi5» 

6»i. 2-TNATA^:4F-TCNQMilf^M 
R&tfig^o®ifc;*^ h/u^r^L. 7 fi, a — N 



T\ »3©*fcft»JtRtr-^i s ifi#^*«*8 0 0 nm 
- 2 0 0 0 n mOfifCii ^ tlTio 9 , &&m&b<D 

Kkw-ewt* tt«*Bi+T«t-t-5Sffiro#«Eis, weep 

[0 0 2 2] **W»-*5i^, tft±=-~yh} £|* N 
r«OflELl^!:i«t5fij tim Wi 

tf. (Bffi) (M) . (mm) 

i£g/$§:fc«/ (RfcC) > (»«) /*-^W£M/?k 

itm/m^mmm/ (mm) % (mm) /^-^sai 

(Cj:oTtt^]«btLT, UK (2{@J^_b) 

^H&SJf, m^&ASft^ffiv^^s^o^r^ # 
ic$jpgii:ft< . ^*rtif>ogo^tcffli>^ix^e^ 

[0 0 2 3] Ltfi, -itttoictttt»BMfc 

I.Mg, Ca^7;^y±Mi, Eu^±I 
0 17 1 4#M 2001-102175 

fid) -m, n«*rtt»«tt*t»-c*>*ttf, *of±*&§& 
m^btmmw-i 1-23326 2^95^2 0 

00-182774 4§-4&ttlcH*« itas^rffii It, 

» ±m&m<< *>&x*ft±m&m'( *>-<o'ptj:< hi 
K»*fls*« * s n a & * >r * > *»e * -c&jr 

Kil5c U ? Wittf . AK Zr, Ti, S i ft 



h<ob%. &j&mmt LT-*»ci£<ttfflSixT 

[0 0 2 4] iWSWittfiiUTIl, ttlCftJRtt 

ft<, w^rt, 1 to (>r>->^A . i-fiwk*) , 1 
ZO • ffi«*fk*) ft^waww«»»*r 

[0 0 2 5] £<bl£. *fc^C<*3&E#bjftM#B2 0 

0 1 - 1 4 2 6 7 2#W«»l::E«Lfc3MfcSrffl^T I 

1 7 i#^«-ciB<KS ; nrv^^«K-ev^sjx^w 
lassra^aAa^v^nrtBSjziiO 1 to^izo^j: 
9 tmwmmm+zmmttmc&m-tz r <h tai**. 

t>»««^bl*»Si£tJftt:ft<, |»S«l^&ABt«:tt« 

[0 0 2 6] *«^^#«tE LSfli, »fRl-*-S»tt« 
«4:IMi««^IWIc**««)»*3.^5f ht#L, ^ 
^-yMU. 0X10 2 Q- cm^i, $tlL<li 

1. 0 X 1 0 5 Q • cm^±(7)ltlSSi?rtt61iM 

b u < tt* *x & 6 SftSAJI O»a«feicoi * 

[0 0 2 7] «fUV^^fll5t«:W-t-5*:JBMO*r«EL 

(-100%) X'&olttf. **W»cJ:5*«EL*^- 
fcjo^Tli. S»±oR»»iftt\ fei$feft^El2lc^^ 
ix-5*-/u (h + ) aAli*«^l^Il-f^ (t>L 

<iiHOMo. . . a^^m-^s^St 

fiScf 5f«»^JB^8SS (t)t<liLUMO. . . a 
fi**i6tta) l-ttA**i.*wfc-C*JtttHijB*tt«:^ 

(IS) /l^i:, *5B«3.^y h^bttttJSJx*** 



«, A«»»cj:oTa[^Jjc»«SixTv^ttffli:IslK 

©t«EL*f^«l:, Sffi<t»ffi^>XS-r5««^ 

[0 0 2 8] t>*>^>^ W^tlEL^It Sffi 
BtfMil. OXlo'fi'cmWl, ff*L<ttl. o 
x l o 6 Q • cma±<75«:«StSr*-rs«»tt»Ko* 

|ELJIW» (nfl) , il[?IJtC»tt*ixfc3&^rt 

f$il5tffi^T^ (Vn) (Dftfp (V = V1+V2 + 

+ Vn) -CfeSwtll f 5fCt>4V\ *SoT\ 

E L»-T-OfUjjlT*>5 4 SttT#fclOV« 
TT'tDiSffiJEi&Klte, (n) *s*i5 

[0 0 2 9] *tl\zi>ftfrt>-r. *!SflWfiEL*f 

W«i«BE-ettft<) ««**^Rlt«U, S£oTii5)S$ 
S^Tfefi, — *«Wofi-«E 

[0 0 3 0] *56W^W«EL*^»ffii:»ai 

«EL^<DB&nffiF(C>^i9, %<D 

U^M"JW2 0 0 0A (2 0 0 nm) «TT^ 
ofc) , |gRb«£^2 5 VJ£JtT-Cfc5r ^Sr^iB* L 

r^fc»i:*^tt, *«M(ow«EL*^ii. 
fc. a*fi*«EL*^-i:li**5««*:*i-S. (ltt 
I5k o d a k#f^ N 4#Hf|BS5 9- 1 9 4 3 9 3 -§-4^ 
4#Hf}B3 63-264692 -*§-£^g, 2-1559 
5-g^«, *S#rF!B4, 5 3 9, 5 0 7Wf, |5j 
^4, 7 6 9, 2 9 2#9»B». [s]g§4, 8 8 5, 2 1 



1 *Mi»*#B8) 

BfcK»«ffi©±IRt>*-T-»* («SESb*) <7>JiP£<b# 
SLttlr*. fft*. ««fittEL*W, ^»«JE*>Jh 
#«i«*«i(ISb» (w/w) o«T*S<*rrt-Cfcofc 
d*. **MO*«EL*^eo»-&li, nfc0>»#3. = y 
h*««Pfll-#«S-fr5i*3tBB*6«BE (turn o 
n Voltage) «t»nfiii^ ^otllS 

%3b4* (W/W) ttaWtLfcV^fcfctt*. 

[0 0 3 1 ] *fc, 3B*3.=-2/ hi5**#«Ei-S*«M 
©*«EL*^©«*tt«j£*L-Ctt, X?-fife0>fti!fe 

esm^ (««tw) wmmytm* 

IHBWds»v^^ S»<7>feBfttt*sffiT-t-5 r £ fit * 

[0 0 3 2] ^OffiC, «x.fi, ¥#B-v h y ?xmm<D 

S^-r6o r^jR-efc, *»W©*«EL*-T-*iitt* 
TO«E#fl»w*mcJfc^Trtv*r id eifti&Siic: 

SrSBfcL (5 Vfl 0 0 0 c d/m 2 <Dm&&'&btlZ> 
m*k, 5OVT'l0O0cd/m 2 ^S^#t>ix5 

[0 0 3 3] ^/c, |g«lc*ffi«S:*9-(c3tf,-ti-5«* 

ix5aw«H»3Pr^tt:fiSi (-1 o"q • cm) fi, & 
moitfefil (-1 0^Q ■ cm) !Cjf<-C2#TaSiBt^ 

lc9F>6mJE (V) (t>L<«:«»E (V/cm) ) j&sfi: 



x v hm^m*** <i&&x$tuz. &m$mT*&m 

[0 0 3 4 ] Ztz. *&m^&rtZM : ft&3Lffi<Oitm.tfi 
(11. 0X10 2 Q - cmW, S^KIil. 0X1 
0 5 Q ■ cm£l±tmm&UZl TOtj:£CDmm.&W& 

[0035] ms\^ *&w<D-mifcm&x3bz>^mR 
Lm^^mmm^^-i-m^mmmx^^. 

m*!2, h3-l, m^^4- 1 % 

- yh3-2, tt«f**JB 4-2 

^414- (n-l) , ^rL- y h 3-n tm*)&£ 

m&^mmmms&mm£*ix\,^ 0 ztib<Dmm 

m2^&yt^~vh (3-n) (f:f:ln = 1 , 2, 3 

) . mmm.msi*m%t(D^mx3b<9 , Jt««;a«i, 

o x i o 2 a • c m^±om^w^i4om^^ 

(4-n, fcfcLn=l. 2, 3 ) {^X^Xft^h 

tifcM^-^ (3-n. tf:U= 1 . 2. 3 — 

[0 0 3 6] *ttlEL*^fi, MBtfl-OKFott 

LTV^«r?-&A A'&A ((SfiiS) M<0 

[0 0 3 7] #©ffi*£S4-na>e>l®Si!*- 
rSHcffi^aA€ri"5K^^ #H¥ 1 0-2 7 0 1 7 1 
■§-^«-^»H 2001-10217 5-?-^«tCBB^$iX 

figi"5AJRi:0«'&«^fcne6« J ?-aA««r«-i-6^^ 



&m<t&mztti,xo. i-ioTfce<?)^u\ 

Zfrtzft* (VAT, it5t;5^) OiWSfia#\ K-f 

>^»**s,h*<, lo^gt^h l^oK-^y 

Tll9o ±ia<^«t 5fcft^ftA»£*^**j£<&*ft 

a>tt*BS*fc»te6i\ **** 
-«K*>fcv*«^&Ad s imS*xS„ 
[0 0 3 8] SHfca.-s'Mi* «^£J§<OR&ffi 

&-rz~tx\ m+tt&feiz-tzzthtobtix^^z 

©t?ff*t<<CV>. 5nmW«fl:Wt5R 

&m k- t mzmm<Dm&tt+m&±f$Li>x 

[0 0 3 9] M^4i4-n^bBS 
ffi^lfiJ^tt^aAi-SISl-tt, 1 1 -2 3 3 2 6 

2 #^«-^«FBa 2000-182 7 74 (MfcX 
B»i¥SB6 3 9 6 2 0 9^^S) (#BBjj£;£ : J . E 
ndo, T. Mat sumo to, and J. Kid 
o, Jpn. J. Appl. Phys. Vol. 41 

(2002) pp. L800-L803) (C (>«gE# 
f>iaot) Bfl^SftT^att-^&ABS:. ««f»fe» 

o&ji>f ^->«:3a5ci-s^jca fefiSftsnr. 1. o 
x i o 2 q • c m&±<Dit&ft&ttzm&mk'&mc 

^60 C:T-f9 '^CO' tli^WJwtil 0 nm 
TL^9o ) 

[0 0 4 0] *^«x.«±E<o r-fco#EJC£fifcBj 
jjft 1 1 - 2 3 3 2 6 2 J9-4*«ft>ttM¥ 2 0 0 0 



- 1 8 2 7 7 4-*H*«) KR«3ixTV***r«&JRiStt 
T't> <fcV\, 

[0 04 1 ] Sfel^ ±lEO#IH¥l 0-2 7 0 1 7 1 
»4**K»#BI! 2001-102175 1 
1-233262 -SHfcfli^H! 2000-182774 
(atJC#H4«fS5 6 3 9 6 2 0 9^*810 <D^ 

*wgic) 4*H^p 10-270171 nr<*m*>#m 2 

001-10217 5t^J! K-ey^i$:BffIIft' 

1-233262 2000-182774 
^«lcS£«o r^<D»KJE£f£Jij «:»*i-5«>* $ A 

2002-27365 6 #Mtt»^»iBB{CiabT*>5 0 

*sf«£« ics-r^^n f*<o 

w**»**e>»*^=jx h^o«^&A»i8«:««fcb* 

[0 0 4 2] *fc«;ttf, #«ffir*£JB4-na>*>|$« 
1 -2 5 1 0 6 7 ^«^«fBB 2001-244079 

R*li3 0nmaTtt6^»SL<, 0. 5 

— 3 0 nmOffiH^-f 5 Hr\ 3 0 n m 

i:fffit6:i"C t R^Sr^SS^+^rtt^^tt-C 

[oo43] «*-gste{t;£* w^r ^mit^m t l 
2#u a*fls»2tt. iftfbr/us-*^ imlt/i^- 



i?faa*Sf) % TNF (MJ-hD7/Utl/y 
V) % TCNQ (fFy^/^y^^y) % 4F- 
TCNQ (v- Yy-7 )\sirv-7- byi^T/ 

(D^^Vcm*. «"«{b-&ftt-»ur o. oi-i 

0O(SH"eS>SOi&s#£ LV^ C K — > h <Di£^*& 0 . 
0 l*S6T-fe5<5r K-'<>McJ:0»fl:SK«^y- 

<Dm*p»mmmz&T'tz><DX\ K-t^^Mt 

[0 0 4 4] «W**«Sr^fiKi-S««Oft*Ba 
ft*S4. 5 e VHltfcntf, 8"JgS;« J f-SSttft'&» 

o^^mt&m *fiM3L*<Tt. 

OJlJfefliJ 2 IC^Lrt: J; 5 lc, UMEyu>f ^Ifefk'frlfe^^^ 
[0 0 4 5] *3BW^fflV^**=.=.y M£*5l^T* Pi 

g-^*-A-i£AJI3H£ffii-5 :t t>T-#5 0 *>*>5A/. 
lt*0*«E L*^K«ffi$nT#fc«^&AJB^*- 

[0 0 4 6] *3gMOWatEL*-7-OfiRRNPBnti. 

m*$>z><ox\ m&&<i&m£tix\,^&mimmgiw 
&m2 001-15336 7 ^mmw^^^xmm\^ti 

[0 0 4 7] ^fc, *3gWO^r«EL*^-Sr«S-r^«- 



ttfaf-y? h3tx'<y*mm (4#H2 001-142 

*Slcj:oTMt5i^^-e§5 M2001-1 

5 3 3 6 7#W*l»#fia) o 
[0 0 4 9] Sfc. *»WO^T«EL*^-tt, 

Wtfi* b TfeSttmti^ t?©**Rf^4t 1 / 4 

(AX (2n-l) /4. fcfcL, n=l, 2. 

3 ) x~frzmz&bm%>m<D&yt%im&'&zzh& 

3tffiB^b*R»««*-C^*^l!tWtt*i/4ttftlc 

[0 0 5 0] L*>U **M#btt, HtlttJ^4#^ 2 0 0 
1 - 1 0 2 1 7 5-*4MBfc*5^-C, 

^B&#^f& UX (2n-l) /4, fcffU n = K 

2. 3 ) iC&JE^ixT^Tn KZt. IS 

>e»c:BE*¥Blfl[^ 1/4 (Ax 

(2n) /4 , fc/:U n = l, 2, 3 ) KlR££ 



BSr***-*-6J:5<c*3t«:»o»^tt, 

x&>z> 0 

[oo5i] *tzm\c z<D±?ti:mt>i>^M&temm 

eL<kLxmfc$tmmk-tz>t>\ t>u<« («*»^e>* 

Hi-5WWw2»ai:-*-s^si^*</ < cs. (t>*>*^EM- 
*v*tt»* ft* as, *4<tt»a©tt8 

K»««ffi*fiijcflFaE-*-5**< fct>-»^* 

[0 0 5 2] TiBHi£0y^LfcJ;5l£, **W 

(OtiELSIfH hasSW£»fc5*#; 

5 J: o T JilB3t#R« ib-T 5 

[0 0 5 3] 

[UttM] aT^SMB««:*rrr**w*:*6>fc»ai^ 

T^<5, TkMtb^ Sr«l[fflUfc*BI* = ^-CRTM- 
8 0 0 0 (ULVAC (0*:JESft«tt) Si) L 

(Te n c o r) tfcKP 1 0 *fl-5tSStt*ffl^fc. X 
■?C0«FttfFfflfi^fi, $r— (KEITHLEY) f± 
y-*p<-^ 2 4 0 0, VBM- 8»StVri:&m 

Lti B m*<D I TO?:K, A 1 Sr|ft«£ Lt, 
BE£0. 2 V / 2 »0«^t^r y ^CWiD LT, ft 

^fl-i^^jwaxamagfi^asbfe. el 
^/\'?'^*^*frTT7 4if—&i&mi>x&n,mmshi, 

■SLfc. 

[0 0 5 4] 1 (tt*(0$«E L^^Of^K0iJ- 

tEl±»wti, SP^lgig2tLT, v— hfegt2 0Q 

/□©ito w^>A.tflwt», teffl^ttat* 



1 0(D (a) 0 ^CD±lC, ^T««filtjRffl&JR^^ 

^40 (H10© (b) ) ^^LT^-;HiiM5rft 
5 a -NPD£r 1 o" 6 1 o r r TT* 2 A/&Oltlg 

[ft 7] 




» (sat. ai qtmu-rzztfribz) m^mx 

**fi*"C*>5*^y OSS* : C5 4 5T 

(KODAKttR) ] :ottt^^iii%^8 

SKjSfcRLfc. iME3&ttJl7 0±U:. &JS (C 

s) is K— c^ixfcS^SAS 8 t L"C„ TEit : 
UtS] 




"C^Stt5^y^^n-< Vi^JR-fe'>l>^ (Cs) 

0 0 A<oi?$(cfigjKufc 0 mmm.ms t ires 

«IMIv^^4l CIUl 00 (c) #») ^Lt 
A 1 «rSR*5£Kl 0A/&T-1 0 0 oAwI^ClfL 

0. 2cm^EMt^^5 (HI10<7) (d) #i) e 

T^5A1 fc©IBK, it««ffi«:SHnLT, 3S±Ji (A 

1 q : C 5 4 5 TWlfi) *»fc<P»fe«#<Z>lt«M4 
£r$J£L*: 0 H2 1 % IS 2 2&T/HJ2 3^(DO/d v Y 
12, ^ft^X, ZLOSH 1 (SflS«l) (cd/m 
2 ) (V) «H*, m^«S (mAXcm 2 ) -«JE 

(V) Jfctt % SflSSb^ (c d/A) -«««S (mA/ 

cm 2 ) M^t^7 7t'fe5o mfc. z<nm*<D&tttM 

[OO55]S«0iJ2 («^iEL|^IWj- 

*o#«E L*^«r*WW 1 b W«KTE*> J: 9 tc IT 

t, hS6i2 0 Q/D^) I TO U>i^i*--f-r 

IMfctt* te^ttK*^V*l£3fo B o) *BfS^^->lc 



««dcRffl4fe«^^^ 4 0 (H10« (b) ) ^LT 
/U|gi£te£Wi"'5*t:'D--NPB2: 1 0^ t o r r 

Ut9] 




X-mZtiZ* t'D-DP VB i 2A/ / ^<D^^ilS 
■C4 0 0A©fSi:ftRLt 8 SiiEMIlOW 
Jh[cgi£0ijl t^I«fc, MK-tV^lT-iiAll 1 
b LT, ^y^^n^ ^ir&JR-fev^^A (Cs) 

itT-i : i ktez>£ o\z.&*<ommm&&m&\^x2 o 

oA^ffSKfifcfltLfco »ffi«S5 t LT»«jbR 
Elfl?&Jl^*^4 1 [Hi 0© (c) #BB) ^UA 
1 £r^5gi£gi OA/^T'l 0 0 0 A(DJ¥SSR» L/c e 
:OllCJ;oTI»^0. 2cm, «0. 2c 
m©jE***fc*S (H10(D (d) #BBJ e #(btifc 
IR^ (gm^J2) OSgft*^ h^il 7 (OfiMlZ.^ 

o^itit^6Ai t<om\c. a:«t«3ES:BWpu 

«110 (^t'p-DPVB i) ^b^fffeM 
OK4#tt*»J^Lfc. 124, 12 5&tfHl2 
/o-yhil *JvP*u r<£>St^ <D$ig 
(c d/m 2 ) -«E (V) 4tl±, (mA/c 

m 2 ) -mm (v) «H4, ««es»* (c d/A) -mat 

(mA/cm 2 ) ^^-T^7^T*^5o ^(D&^tD 
»#BMM1JEH:2. 6VT'fcot e 
[0 0 5 6] 1WJ3 («*Ot«EL*f©fffi«- 

*0^«EL*^-4rSiP«i £H3«KTE<0J: 

T, ->-h)gS2 0Q/DOITO (>f i^v^A • -T-f 

=i- hSiltV^ [|S 1 0 CO (a) #BS) 0 -^60±|C^ 

mysf&mm&m-m? 4 0 tinoo (b) ] ^tt 

^-^aHtSr^-rSa-NPDSr 1 0-6 t o r rT 
t\ 2 A/fJ>03R#i££T-7 0 0 A^f^CMtt, 

o±jc, sgftji ni: ha 1 q t. fteL&it'&yt&m 

tfc^DCJTB (KOD AKltSi) l^SMI 
^ 1 fift%co«g t * 5 i 5 ^IflS SrWIS L 

X4 0 0A^»S(cSRUfc. WE«*il3± 
ICS2P<W1 ir^JC, MK-tV^aAil4^ 
LT, y<y^-^u^( >b&m-Zis9 A (C s ) $r^e/UJt 
tl : 1 J: 9i:#^^)i9iS^Itt2 o 0 



4 1 (Hi 0 0 (c) #Jg] WUA 1 
Irlf If 1 0 A/^T* 1 0 0 0 Aof^lf Lt 0 r 
<DXfifCi:oT*ttS«li«0. 2cm. «0. 2cm 
©IE**ttfcft-5 [B10<D (d) #HH) o #£>nfc3f 

3 ) hyU^Hl 7 |C*fcT« 

-To wW*T«EL*^-(C*5V^T, »ffi««"C*>S I TO 

JSJfcJl (A 1 q : DC JTB©*Sfl) frb<Dm&5£ 
ftORWttSrSI^Lfc, 124, i2 5Wi2 6*<D 
+ 7*pyMl *rft-«x. (S99J3) <£>*$S 

(c d/m*) -mJE (V) «Mt % mffi^S (mA/c 
m 2 ) (V) «%SSb^ (c d/A) -««E 

*ft (mA/cm 2 ) ^t^77tfc5 0 
»JtHtt«EEtt2. 2VT'fcof: fl 

[0 0 5 7] iWJl («W**»*W l O B (5»fc/< 

i-WJ*) xhzm*) 

hi 3 (^TtaiM^Wt^^^^tiE L^^: 
«art-3. tPCffift', (I10£D (a) ] 

I^LfcBr3e'<*-->'K = — h £*lT^6 I TOillt 
»Mffl^^^4 0 (Hi 0<O (b) ] Sr^U 

PD$r6 0 0A, Al q :C 5 4 5T=100 : 1 <7>Jf 

£4 0 0A, s<yf7a<{ isb&m-tisVJ* (Cs) <72 
A'frJI«r2 0 0 AoffSlclBfcrtlJILfc. 
A K-t>^loil:ffiSffiI4- l t UT, v 2 O s 
(5 v?*i0 MS2A/tt-l0 0A 

-^^4 0 (Hi 0(7) (b) ) £^LTJ&MLfc 0 Hk 
\z s »MMI-7^M0 (Hioco (b) ] co 
BU^(7)Xm^t>9-g^^^LT^^^-^ h 3 
-2S:fiSiRL^o -fftfrh. a-NPD£600A. A 
lq:C545T=l00:l (MSit) 4 0 0 

A, ^y^D^i4itv/!>A (Cs) tf>S<&BS: 
2 0 0A©fSi:, «R*MUfc. ii®i5 
irLTgMMI-7^^4 1 (Hi oco (c) ) £ 
ft L"C\ A 1 ^rltlS 1 0 A/^T' 1 0 0 0 A^f ^ 
fc:88»U (H10O (d) ) ic^Lfc/-* — V^r^r-f 

0. 2cm, 1H0. 2cmMM^jio/: e CKD^f 
WELSHHciSV^ «S«8iT*fe5 I TO 
T'fc5Al ^Bi:, iEflcttIE«:H»)PLT, 3S#JI (A 

1 q : C 5 4 5 T<0#3j£*B) a>fctf>»fe*#<D§t4*tt 
*«H£Lfc. H2 1, i2 2Wi2 3^^)D7 , D7h 

m 2 ) —SEE (V) »«u ttSKftff (mA/cnO -« 
IE (V) m^Sb^ (c d/A) -mffi^'S (mA 

/cm') ^t^7 7-Ct>6o 



ft^^b^) as, 2«ifi<ic*:*<i6]±Lfc. 
VN £ (V 2 O s ~+a-NPD*) i^ibix, 5 

i^-^A (v 2 o s ) mt a -NPDm<D&mt*m,ffi¥£±ig 
hi 6*c«»-c^-r« h^&m&-tz>t, m 

I«I«*fili:tBt*nfc8*^tt«^l5ff-8 
[00 5 8] Hffiffll 2 (««f«^S^W*«^^^« 

(il 0C9 (a) ] {C^Lfc^T^<^ — >-iC=3— 

I T ^ 4 0 (H10 

<D (b) ] h 3- 1 SrfSKLfco 

-f&fr*>, a-NPD$:7 0 0A, (A 1 q : C 5 4 5 
T=100 : 1) (O|$:4 0 0A, y ^ £ & 

JSir>r>A (Cs) ^i^2 0 0A(?)f$i:IM 

lit 10] 




T-*£iV5 4 F-TCNQMflSl A/f>t2 0 A 
<Oj?£Mj£|gL,*Lo 2 — TN AT A (/<> K— 

te^Si) ^IMl A/&X5 0 A^)f^l:«L 
fc. :^l^iitt»MlMv^^ 4 o (H 
l Oct) (b) ] fc^LTfiJcRLfco *r«^fiSt8iffl 
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